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FOREWORD

The tests described herein were conducted under

NASA Apollo Contract NAS9-150, from 4 June to

5 July, 1962.

This report was prepared by C. Beck of the Wind

Tunnel Test Group, Space and Information Systems

Division, North American Aviation, Inc.
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ABSTRACT

Tests were conducted in the North American

Aviation Aerophysics Laboratory wind tunnel at Mach

numbers of 0. 681, i.88, 2.49, and 3.27 to determine

the effect of simulated jet plumes on the aerodynamic

characteristics of a 0.02-scale Apollo force model

(FS-1). Body axis and stability axis force data were

tabulated and plotted for all valid runs.

Basic wind tunnel data are included only to make

test results available at the earliest possible date.

Analyses and summary of results will be reported in

a separate document.
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I. INTRODUCTION

Apollo Force Model FS-I was tested in the NAA

Supersonic Aerophysics Laboratory (SAL) wind tunnel

during 14 June 1962to 5 July 1962. The test was

conducted to determine the aerodynamic effects of

simulated jet plumes on the static stability of the

Launch Escape System (LES). The static stability

of the LES was investigated at four Mach numbers,

0.681, 1.88, 2.49, and 3.27, over an angle-of-attack

range of -i0 degrees to +I0 degrees, at Reynolds

numbers of 0.98 to 0.54 x 106 .

-I -
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II. MODEL DESCRIPTION

The model tested was a 0.02-scale representation of the LES configu-

ration plus simulated jet plumes. The plume support system was made in

such a manner that no part of the plume or support came in contact with the
model for all test conditions.

The capability of rolling the tower and plume 45 degrees about the

centerline of the model was incorporated.

STRAIGHT PLUME MODEL

A diagram of the straight plume model is shown in Figure 1. There

are three sets (four plumes per set) per model with centerlines coincident

with the extension of the four rocket nozzle centerlines. The plume centerlines

mutually intersect the centerline of the model at station 279. Z50. Three

sets of plumes were made with diameter ratios of d/D = 0.107, 0.782, 0.408,

where d is the diameter of the plume and D is the diameter of the command

module. The plume is cylinderical in shape with an ogive nose and tail, each
of 1-inch radius for the d/D of 0. 107, 4-inch radius for the d/D of 0.282,

and 4-inch radius for the d/D of 0.408. The plumes are 6 inches long, and

their support is completely behind the model. The plumes are adjustable to

cant angles of 28 and 33 degrees. The cant angle is the angle between thrust

centerline and plume centerline,

BENT PLUME MODEL

A diagram of the Bent Plume model is shown in Figure 2. There are

two sets of bent plumes (four plumes per set): one has a diameter ratio

of d/D = 0.282; the other has a diameter ratio of d/D = 0.107. Each set can

be canted to angles of 28 and 33 degrees. The centerline of the plumes are

not straight, but follow a curve defined by coordinates given in the following

tabulation. The coordinate system originates at the center of the rocket

nozzle exit with the X-axis parallel to the symmetrical axis of the model

and the y-axis perpendicular to the X-axis. The nose and tail of each plume

is an ogive of 4-inch radius. Length of the plume from nose to tail is

6 inches.

-2-
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LAUNCH ESCAPE SYSTEM

The components that make up the LES include the launch escape motor

and the escape tower. The escape tower structure (T II) is shown in Figure 3.

Description of the launch escape motor (El5) is shown in Figure 4. A second

launch escape motor configuration, (E20) that was tested is the same as El5

except it contains a flow separation ring (Figure 5).

X

(Inches)

0

I0

Z0

30

4O

5O

6O

7O

8O

9O

I00

II0

120

130

140

150

160

170

180

190

2OO

Y

(Inche s )

0

6.4

12.5

18.4

24.2

29.8

35.2

40.5

45.6

50.5

55.3

59.9

64.4

68.8

73. l

77.3

81.4

85.4

89.4

93.3

97.1

-3-
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III. INSTRUMENTATION

FORCE MEASUREMENT

Six-component force and moment data were measured with the

SAL H-875 balance (Reference 2). The H-875 consists of an H-700B balance

that measured pitching, yawing, and rolling moment and a 3155 balance that

measured chord force and pitching and yawing moment. The H-700B was

located partially within the model and was shielded with a 717.1-01 051-24

sting shield. The 3155 was located in the sector assembly approximately

25 inches aft of the H-700B. A straight sting was used to support the model.

FLOW VISUALIZATION

Schlieren photographs were taken at every 5 degrees of angle of attack,

Typical Schlieren pictures are presented in Appendix B.

-4-
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IV. OPERATING CONDITIONS

MODEL ATTITUDES

The LES was tested through an angle-of-attack range of -I0 to

+i0 degrees. The plume configurations were tested at cant angles of 28 and

33 degrees. In some cases, the plumes were rotated 45 degrees about the

centerline of the model.

FLOW CONDITIONS

The following flow conditions are for tunnel clear operation:

Mach No.

0. 681

1.88

2, 49

3.27

ReynoldNo. x 10 -6 Based on

Command Module Diameter

0. 98

I. 04

0.79

0.54

Dynamics Pressure
(lb/ft 2 )

720

790

548

270

O
-5-
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Figure 3. Escape Tower Structure Tll
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Figure 4. Launch Escape Rocket El5
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Figure 5. Launch Escape Rocket E20
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TEST PROCEDURE

DATA REDUCTION CONSTANTS

Reference Area = 7._506 in2

Reference Length = 3.0800 in

Reference Center of gravity location:

Command Model Alone

0.7392 inches from the center of the heat shield measured

along the axis of symmetry.

0.1817 inches below the axis of symmetry.

Launch Escape S2stem

2.01560 inches from the center of the heat shield, measured

along the axis of symmetry.

Located on the axis of syMnetry.

TEST NOMENCLATURE

CL -- Lift Coefficient = L/qS

CN = Normal Force Coefficient = N/qS

Cx = Axial Force Coefficient, Stability Axes = CD, when

CA = Axial Force Coefficient, Body Axes = A/qS

CD = Drag Coefficient = D/qS

Cm = Pitching Moment Coefficient = m/qSd

Cn - Yawing Moment Coefficient = n/qSd

C1 = Rolling Moment Coefficient = 1/qSd

L/D = Lift Drag Ratio = CL/C D

q -- Dynamic Pressure, psi

S = Reference Area, in.2

d = Reference Length, in.

a=O

A-2
p
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x = Distance From The Center of The Heat Shield To The Reference Center

of Gravity, Measured Along The Axis of Symmetry.

z = Distance From The Axis of Symmetry To The Reference Center of

Gravity In The X Plane

a = Angle of Attack, deg.

= Angle of Yaw, deg.

Subscripts

S Refers To The Stability Axis System

B8 Refers To The Body Axis System

A-B
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FIRST LINE

Alpha C =

CL =

CD =

CPM =

CYM.STAB =

CRM.STAB =

DP/QB =

L/D --

SECOND LINE

Yaw C =

CN Body =

CA Body =

CY Body =

CYM Body =

CRM Body =

CP/QCH =

x CP/D =

TABULATED DATA NOMENCLATURE

Angle of Attack - deg.

Lift Coefficient

Drag Coefficient

Pitching Moment Coefficient About C.G.

Yawing Moment Coefficient About STAB. Axis

Rolling Moment Coefficient About STAB. Axis

Base Pressure

Lift Drag Ratio

Angle of Yaw- deg.

Normal Force Coefficient About Body Axis

Axial Force Coefficient About Body Axis

Side Force Coefficient About Body Axis

Yawing Moment Coefficient About Body Axis

Rolling Moment Coefficient About Body Axis

Chamber Pressure

Center Pressure Measured From The Center Of The Heat Shield

Along The Axis Of Symmetry

A-_
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INDEX TO FIGURES

Description

A. Configuration Photographs

I. Launch Escape System with solid plumes

d/O = 0.282 _ = 0°

2. Launch Escape System with solid plumes

d/O=O._08 _=_5 o

3. Launch Escape System with top and bottom

solid plumes d/D = 0.282

A. Launch Escape System with solid plumes

mounted horizontally d/D= 0.282

5. Launch Escape System with solid plumes

d/D = 0.i07

6. Launch Escape System with solid bent plumes

d/O = 0.i07

B. Schlieren Photographs

i. Four straight plumes d/D = O.A08

cant angle = 33 °

2. Four straight plumes d/D = 0._08

cant angle = 33 °

3. Four straight plumes d/D = 0.282

cant angle = 33 °, _ = A5 °

A. Four straight plumes d/D = 0.282

cant angle = 33 °, _ = _5 °

5. Four straight plumes d/D = 0.107

cant angle = 33 °

6. Four bent plumes d/D = O.iO7

cant angle = 33 °

Figure

1

2

3

5

6

7

8

lO

ll

12

B-2

SID62-1056 _ Piai'_l _E P,t'l:t A/



_1___l, rl i_r. &iT! _l _, NORTH AMERICAN AVIATION, INC,

SPACE and INFOBI_IATION SYSTEMS DIVISION

C.

INDEX TO FIGURES continued

Launch Escape System Characteristics

CN, CA, Cmc.g., CI , CD vs.

1. Configuration (El5 Tll C)
M = 0.681

M = 1.88

M = 2.49

M = 3.27

2. Configuration (El5 Tll CPI)
M = 0.681

M = 0.681

M = 0.681

M = 1.88

M = 2.49

M = 2.49

M = 2.49

M = 3.27

Cant Angle = 28 °

45°

Cant Angle = 28 °

_=45 o

. Configuration (El5 TII CP2)
M = 0.681

M = 0.681

M = 0.681

M = 1.88

M = 2.49

M = 2.49

M = 2.49

M = 2.49

M = 2.49

M = 2.49
M = 3.27

M = 3.27

Cant Angle = 28 °

45o

Repeat Run

Grit on P2

Cant Angle = 28 °

= 45°
Cant Angle = 28 °,

Repeat Run

l Configuration (El5 Tll CP3 )
M = 0.681

M = 0.681

M = 0.681

M = 1.88

M = 2.49

M = 2.49

M = 2.49

M = 3.27

Cant Angle = 28 °

= 45 °

Cant Angle = 28 °

= 45 °

. Configuration (El5 Tll CP4)
M = 0.681

M = 2.49

. Configuration (El5 Tll CP5 )
M = 0.681

M = 2.49

¢ = 45 °

Figure

I_ a-e

l_ a-e

15 a-e
16 a-e

17 a-e

18 a-e

19 a-e
20 a-e

21 a-e
22 a-e

23 a-e

24 a-e

25 a-e
26 a-e

27 a-e
28 a-e

29 a-e

30 a-e

31 a-e

32 a-e

33 a-e

34 a-e

35 a-e

36 a-e

37 a-e

38 a-e

39 a-e

40 a-e

_i a-e

42 a-e

43 a-e

a-e

9-3
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15.

INDEX TO FIGURES

Configuration (El5 TII CP6)
M = 2.h9

Configuration (El5 TII CP7)
M = 2.h9

Configuration (El5 TII CP8)
M = 2.h9

Configuration (El5 TI1 CPg)
M = 2.h9

Configuration (El5 TII CPIo)
M = 0.681

M = 3.27

Configuration (El5 TII CPII)
M = 0.681

Configuration (El5 TII CPI2)
M = 0.681

Configuration (C20 TII C)
M = 0.681

M = 3.27

Configuration (C20 TII P2)
M = 0.681

M = 3.27

continued

Figure

A9 a-e

50 a-e

51 a-e

52 a-e

55 a-e

56 a-e

59 a-e
60 a-e

B-h
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! 

Figure 1. Launch Escape System With Solid Plumes 
d/D = 0.282 p! = 0" 

t 
i 

Figure 2. Launch Escape System With Solid Plumes 
d/D = 0.408 p! = 45" 

8- 5 
S 1 D 6 2 - 1  056 -ENTI&, 



SPACE and INFORMATION SYSTEMS DIVISION N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  

Figure 3 .  Launch Escape System With Top And Bottom Sol id  Plumes 
d/D = 0.282 

Figure 4. Launch Escape System With S o l i d  Plumes Mounted Horizontally 
d/D = 0.282 

a 

B- 6 
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Figure 5 .  Launch Escape System With Sol id  Plumes 
d/D = 0.107 

Figure 6 .  Launch Escape System With Solid Bent Plumes 
d/D = 0.107 

8-  7 
S l D 6 2 - 1 0 5 6  
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e 

Figure 7 .  Four Stra ight  Plumes d/D = 0.408 Cant Angle = 33" 

a Figure 8. Four Stra ight  Plumes d/D = 0.408 cant Angle = 33" 

R- 8 
S I D 6 2- 1 O 5 6 GO'NFIDENTIAL 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIV1410N 

a 

Figure 9. FCW Stmight Plumes d/D = 0.282 Cant Angle = 3 3 O ,  # = 45" 

Fi-me 10. Four Straight Plumes d/D = 0.282 Cant Angle = 3 3 O ,  jd = 45" 
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Figure 11. Four Straight  Plumes d/D = 0.107 Cant Angle = 33" 

L A  
Figure 12. Four Bent Plumes d/D = 0.107 C a n t  Angle = 33" 
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